The genome size of an unclassified Mycobacteriurn species, isolated from a patient with Crohn's disease, was determined by measurement of DNA renaturation kinetics as 3.1 x lo9 Da. The percentage of DNA homology of this organism to DNA of related mycobacteria was evaluated by measurement of DNA renaturation with heterologous DNA. These studies supported the classification of this organism as Mycobacterium paratuberculosis but failed to distinguish between M . paratuberculosis and organisms of the Mycobacterium avium-intracellulare groups.
I N T R O D U C T I O N
An unclassified Mycobacterium sp. was isolated from three patients with Crohn's disease (Chiodini et al., 1984a, b) . The organism was slow growing, mycobactin dependent and had many of the cultural and biochemical characteristics of Mycobacterium paratuberculosis, the causative agent of Johne's disease which is a disease of ruminants similar to Crohn's disease in man (Chiodini et al., 1 9 8 4~) .
However, M.paratubercuIosis is similar to organisms within the M . avium-intracellulare groups, designated the MA1 complex (Meissner et al., 1974) , but differs in some biochemical properties (Chiodini et al., 1986) . Atypical (mycobactin dependent) strains of M. avium-intracellulare have been isolated from a number of animals (Collins et al., 1983) . Organisms within the MA1 complex are not clearly differentiated by biochemical tests and numerical taxonomy. Baess (1979 Baess ( , 1983 used DNA relationships measured by DNA reassociation to examine strains within the MA1 group, but did not include M . paratuberculosis. The present study describes the determination of DNA sequence homology between the Mycobacterium strain Ben isolated from Crohn's disease tissue and related mycobacteria. The genome size of strain Ben was also determined.
METHODS

Strains of mycobacteria.
The following mycobacteria were studied : Mycobacterium species strain Ben isolated from Crohn's disease tissue (Chiodini et a/., 1984a, 6 ) ; Mycobacterium paratuberculosis, American Type Culture Collection (ATCC) strain 19698; Mycobacterium avium-intracellulare serovar 2; Mycobacterium aviumintracellulare serovar 5; Mycobacterium kansasii, TMC strain 1201 ; Mycobacterium phlei (National Collection of Industrial Bacteria, U K , strain 8573).
Preparation and analysis of mycobacterial DNA. The mycobacteria were grown as described by Chiodini et al., (1984~) and were harvested by centrifugation at lOOOOg for 20 min. The cells were resuspended in extraction buffer (0.0132 M-sodium phosphate buffer, pH 6.8, 0.05 M-EDTA, 0.7% NaC1, 2 mg lysozyme ml-l) and were lysed by freeze-fracture in a Hughes press (Hughes, 1951) at -80 "C and 15000-25000 p.s.i. (104-173 MPa). The homogenate was incubated for I h at 56 "C and DNA was extracted by multiple phenol/chloroform extraction, ribonuclease A digestion and ethanol precipitation (Marmur, 1961) . Polysaccharide was removed from the DNA by CTAB precipitation as described by Baess (1974) . Determination of the melting temperature, T,, and base
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ratio (mol% G + C) of the DNA was by measurement of the thermal denaturation in a Pye Unicam SP1800 spectrophotometer, in 0.1 x SSC (1 x SSC is 0.15 M-NaCl, 0.015 M-trisodium citrate, pH 7). The base ratio was calculated from the equation (:L G + C) = (T,,, -53.9)2.44 (Mandel & Marmur, 1966) , where T,,, is the temperature at the midpoint of the thermal denaturation curve. The melting temperature of the DNA at any salt concentration could then be estimated from the formula T,,, = 16.6 log[Na+] + 0.41 (% G + C) + 81.5 (Davis et af., 1980) , where "a+] is the sodium ion concentration.
D N A hybridization. Denaturation and reassociation of DNA was done essentially as described by Britten et af. (1974) , but modified as described by McFadden & Buck (1983) in that 10 mM-Tris/HCl, 2 ~M -N~, E D T A pH 7.6 buffer was used for denaturation, 10 mM-Tris/HCl, 0.15 M-NaCl, 2 ~M -N~, E D T A , pH 7.6 buffer was used for reassociation and S1 nuclease was used to monitor the reassociation. Mycobacterial DNA was labelled by nicktranslation (Rigby et af., 1977) with [3H]dCTP. E. coli DNA was labelled by nick-translation with [32P]dCTP. Unlabelled and nick-translated DNA were sonicated to an average size of 400 nucleotides as determined by alkaline agarose gel electrophoresis. The DNA samples were mixed, denatured by boiling, and hybridized at the required temperature in sealed capillary tubes. Samples were removed at each time-point and frozen in liquid nitrogen. The fraction of single-stranded DNA was determined by S1 nuclease digestion (Vogt, 1973) . It has been shown that when Sl nuclease is used to measure renaturation of randomly shared DNA the reaction does not follow ideal second-order kinetics, but follows the form S/Co = [l/( 1 + KCot)]045, where S is the concentration of single-stranded DNA, C, is the concentration of single stranded DNA at the start of the reaction (in mol nucleotide l-l), t is the time in s, and K is the second order rate constant (Hastie et af., 1978) . This equation rearranges to 1 + KCot = (C0/S)' 2 2 , so that Kcan be determined from plots of (Co/S)2 22 against Cot. The genome size was calculated from the following equation: genome size of test DNA/genome size of E. coli DNA = KE cd DNA/Ktest DNA. The genome size of E. coli DNA was taken as 2.8 x lo9 Da (Bak et al., 1970) .
The homology of strain Ben DNA to other DNA samples was determined by renaturation of 3H-labelled strain Ben DNA (0.1 pg ml-I) to unlabelled test DNA at 100 pg ml-l. 32P-labelled E. coli DNA at 100 pg ml-' was included in each experiment as an internal control to ensure that renaturation was not inhibited by the presence of test DNA. The reactions were incubated to give Cot values of 184, and the fraction of single-stranded radiolabelled DNA was determined by S 1 nuclease digestion (Vogt, 1973) . The fraction of double-stranded 3H-labelled (strain Ben) DNA at the end of each hybridization to test DNA was calculated as a fraction of the value obtained with homologous (strain Ben) DNA to give the percentage DNA homology (Crosa et af., 1973) .
R E S U L T S AND DISCUSSION
To find the optimum temperature for renaturation, the melting temperature (T,) of strain Ben DNA was determined by thermal denaturation as 81 "C in 0.1 x SSC. The base ratio was therefore calculated at 66% G + C. The melting temperature in the hybridization buffer was calculated as 95 "C ; the renaturations were done at 70 "C, 25 "C below the melting temperature.
The genome size of strain Ben was determined by measurement of DNA reassociation rate. E. coli DNA was used as an internal standard of known genome size. A preliminary experiment was done to determine the approximate rates of renaturation. The reactions were then incubated with E. coli and test DNA samples at 20 pg ml-l to give the lower Cot values, and at 100 pg ml-1 to give the higher Cot values. Time-points were taken up to 170 h (Fig. 1) . The reassociation rate constants were determined as 0.078 2 0.01 1 (SE) for E. coli DNA, and 0-072 0.01 1 (SE) for strain Ben DNA. The genome size of strain Ben was therefore 3-06 x lo9 (k 0.95 x lo9, SE) Da. This is consistent with the genome sizes for mycobacteria determined by Baess (1984) of 2.3-3-85 x lo9 Da and is close to those values Baess (1984) obtained for M. auium-intracellulare serovars (3-3-4 x lo9 Da).
The percentage of DNA homology of strain Ben to each test DNA was determined by measurement of hybridization of 32P-labelled strain Ben DNA to excess unlabelled test DNA (Table 1 ). The value of homology of strain Ben DNA to DNA of M. paratuberculosis and M . auium-intracellulare (serovar 2 or serovar 5 DNA) was, within experimental error, indistinguishable from that obtained with homologous DNA. This suggests that strain Ben isolated from Crohn's disease tissue and M . paratuberculosis are members of the MA1 complex, particularly if a value of greater than 90% homology is taken as evidence of identity of species as suggested by Baess (1983) . However, within this complex there exist important biochemical differences, particularly mycobactin dependence, and an understanding of the genetic basis of this dependence would be very useful in assessing suitable characters for the classification of M . paratuberculosis and related mycobacteria. The similar values for homology of strain Ben DNA to both M . aviurn-intracellulare serovar 2 and serovar 5 DNA (both close to 100%) suggest that M . avium-intracellulare serovar 5 may be the same species as M . avium-intracellulare serovar 2, as suggested by Baess (1983) . The low homology found between strain Ben D N A and M . kansasii and M . phlei is consistent with the result of Gross & Wayne (1970) who found low levels of homology between these organisms and members of the MA1 group. CHIODINI, R. J., VAN 
